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Separation of chromium (VI) and chromium (III) with crown ether

by means of ion-pair extraction
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A new method for the separation of chromium(VI) and chromium (III) with dicyclohexyl 18-
crown-6 (DC18C6) in 1,2-dichloroethane was developed by means of solvent extraction. In this
process, Cr" as HCrO;~ was extracted as an ion-pair complex with the potassium-crown ether
complex cation in the organic phase within 1 min. The extracted species was ascertained to be
[K(DC18C6)]* - [HCrO4]~. When mixtures of Cr" and Cr'™ were extracted under the optimum
condition, Cr"' alone was extracted quantatively, whereas Cr'" remained in the aqueous phase.
After extraction, Cr"" in the organic phase was %antatively back-extracted by a 0.1 M NH; solu-
tion. Then, each of the concentrations of Cr"" and Cr T could be determined by means of
inductively coupled plasma atomic emission spectromrtry (ICP-AES). Cations, such as
iron(IlI), zinc(II) and cadmium(II), interfered with this extraction. The present method was
applied to recover Cr"" trace in the presence of Cr' in real samples, and clarified to be applica-
ble to Cr"' determination in natural water samples.

Keywords : chromium (VI); chromium (III}; dicyclohexyl-18-crown-6; ion- pair extraction; sepa-

ration.
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Fig. 1 Extraction behavior of Cr”" and Cr™ as a func-

tion of pH

Aqueous phase: 10 ppm Cr(III), 10 ppm Cr(VI), 0.5
M potassium chloride and 0.1 M sulfuric acid; Organic
phase: 0.01 M DC18C6 in 1,2-dichloroethane

Sample solution of Cr(III) and Cr(VI)

Cr(I1I) (0.02~20ppm), Cr(VI) (0.02~20ppm),
0.5M KCl and 0.1M HzSOs. 10ml

<—(0.01M DC18C6 in 1,2-Dichloroethane. 10ml .

Shake for 5min
Centrifuge (2000rpm for Smin)

|

Aqueous phase, Cr(II1)
Determine by ICP-AES

Organic phase, Cr(VI)
[K (DC18C6) 1" [HCrO.]"
DC18C6. 9ml

<— 0.IM NHs . 9ml
Shake for Smin
Centrifuge (2000rpm for Smin)

Organic phase " Aqueous phase, Cr(VI)
DC18C6 Determine by ICP-AES

Fig. 2 Analytical scheme for the separation of Cr(VI)
and Cr(IIT) by means of ion-pair extraction
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Table 1 Separation of Cr" and Cr'™ by solvent extrac-

tion
Metal added, ™ found®, Cr” found®,
ppm ppm ppm
o200 20.0 —
ot 200 — 19.5
c o100
+ 10.2 9.5
100

a) Found in aqueous phase after extraction.
b) Found in aqueous phase after back-extracion.

Table 2 Separation of Cr"' from Cr" in high concen-
tration

Metal added, ppm Metal found, ppm

cr® cr' ICP-AES”  Spectrophotometry”
0 10 9.8 9.6
1000 0 0 0
1000 10 9.9 9.5
10000 10 10.4 9.6

a) ICP-AES can measure chromium concentration without
distinction of its oxidation number.

b) Spectrophotometry using diphenylcarbazide can measure
Cr"' concentration alone.
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Table 3 Effect of foreign ions
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Table 4 Recovery of Cr"" and Cr'" in real samples

Ion Added as Tolerance limit, times Notes

Na NaCl 1000
Mg®"  MgCly'6H,0 1000
AP? Al(NOs)s* 6Hy0 1000 *
cd** CA(NOs)s-4H,0 10 *
Zn** ZnCl, 100 *
Fe** FeCls* 6H;0 700 *
Mn®**  MnSO: 1000
Ni?* NiCly* 6H,0 1000
cu®* CuCly 2H,0 1000
NOs~ KNOs 1000
POS®”  KH,PO, 1000

Tolerance limit was set at the amounts of foreign ions
required to cause a £5% error in the recovery of 10 ppm
Cr”. ¥ Precipitation was observed during the back-extrac-
tion at pH 8.
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Recovery, % (n = 3)

Sample solution

o™ ot

Tap water 103 = 1.2 988 £ 1.3
(Kanazawa University)

Pond water 105+ 1.0 99.0 £ 1.0
(Kanazawa University)

Sea water 101 +1.2 96.0 = 4.6
(Uchinada Town)

g

Spiked sample: 10 ppm Cr'" and 10 ppm Cr"'
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